Why did Professor Per-Ingvar Brånemark never receive the Nobel Prize in Medicine?
Each fall, invitations are sent out to some two 3,000 academic scholars to nominate a worthy candidate for the Nobel Prize in Physiology or Just before Christmas, I received an invitation to nominate a candidate for the Nobel Prize in Physiology or Medicine. The email evoked fond memories, and I would not have hesitated to nominate once again Professor Per-Ingvar Brånemark for his role in the discovery of the biological process that we today call osseointegration. However, a sad fact is that he passed away in December 2014, and the Nobel Prize cannot be awarded posthumously.
According to the will of Alfred Nobel, it is the scholars employed at the Karolinska Institute in Stockholm, Sweden, who shall decide who will receive the prize. The essential criterion is that the prize should be awarded to the individual who has brought the greatest benefit to humankind the year before, alternatively that the realization of the impact of the discovery has been made the year before. It is hard to imagine that anyone can discount that the contributions from the The Brånemark research team was not the first to propose that titanium seemed to be a suitable material for implantation. A research team in Great Britain proposed this already before WWII (Bothe, Beaton, & Davenport, 1940) , and a researcher in the United States endorsed the idea after the war years (Leventhal, 1951) . The first researchers reported a "tendency for the bone to fuse with titanium," and the second "bone becomes attached to titanium … since titanium adhers to bone, it may prove to be an ideal metal for prostheses." Subsequent research revealed that titanium had a low corrosion rate in chloride environments and a lack of toxicity of the titanium salts. Biological researchers in dentistry (Beder & Ploger, 1959) and in medicine, including Hans Emnéus (Emnéus & Stenram, 1960) who was one of the mentors of Professor Per-Ingvar Brånemark, showed that bone tolerated very well implanted pieces of titanium. A simple search for titanium on PubMed generates some 350 papers published before December 31, 1970. A close scrutiny of the papers that focus on titanium and tissue interactions does not reveal any data that cast more light on how and why "bone become attached to titanium." That is, until the detailed description of the interface phenomena between titanium and bone under different experimental conditions in a publication in 1969 (Brånemark et al., 1969) . The authors justified the experiments by prior knowledge gained in prior studies on nutritive capillaries in bone marrow (Brånemark et al., 1964) . The publication was recognized in an influential review of dental implants presented by The Council on Den- 
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This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited. (Brånemark et al., 1977) and further elaborated in another important publication in 1981 (Albrektsson, Brånemark, Hansson, & Lindström, 1981) . For the interested, detailed recounts of both the basic and clinical research are presented in "The Osseointegration Book" that was published in 2005 (Brånemark, 2005) .
Attributing the discovery of "(modern) titanium implants" to Professor Per-Ingvar Brånemark is a contentious claim. He entered the commercial world after having licensed the manufacturing rights to a Swedish company and filed a patent in Sweden and in the United
States in 1979 (www.google.com/patents/US4330891), actually some months after Straumann had filed their patent in the United States for a dental implant fabricated in titanium (US4180910). However, already eight patents had by then been filed for dental implants made out of titanium or a titanium alloy (US3579831, US3590485, US3605123, US3729825, US3829972, US3849888, US3851393, US4051598, and US4060896). Even though Professor Per-Ingvar Brånemark lent his name to a brand of dental implants manufactured by one particular company, I believe that it is not for these implants that he ought to be recognized and remembered, but rather for his discovery of osseointegration phenomenon. nobelprize.org/nomination/archive). We will likely never learn their rationale for electing the annual Nobel Prize winners, because minutes from the committee deliberations are not public information.
The same applies to the qualities of the evaluation reports based on the "detective work" undertaken by the Nobel secretariat, whose task is to check the veracity of the claims detailed in the numerous nominations that they receive. One may ask whether it really matters to whom the decision committee at the Karolinska Institute in Stockholm, Sweden, award the Nobel Prize. Professor Per-Ingvar
Brånemark was likely nominated multiple times, and for those who hang around the names of the nominees and other information about the nominations will be revealed 50 years from now. We remain all indebted to him and his research team for the research on osseointegration and alloplastic biomaterials conducted over the near five decades in Gothenburg, Sweden, and elsewhere.
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